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Bryophyte is a non-vascular plant, consisting of three classes: mosses, hornworts, and liverworts. The body 
forms have a thallus, and some have a leaf-like organ. The class division of the Bryophyte division is base 
on anatomical and morphological traits, such as meristem tissues, stomata, and vascular tissues. M 
Bryophyte has no vascular tissue, but it has a capillary that has functions like xylem and commonly refers 
to as hydroid. Mosses and hornworts have stomata on the sporophyte part, while in the liverworts, stomata 
are not found. Hornworts have a basal meristem that has an unpredictable cleavage. Meristem on the 
mosses only divides up the formation of sporangial. In the liverworts, the apical meristem does not see. 
Members of the hornworts consider the most advanced because the meristematic phase is more prolonged, 
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INTRODUCTION 
Bryophytes or commonly called 
mosses are classified into low-level plants 
consisting of three classes, namely 
hornworts, mosses and liverworts 
(Samigullin et al., 2002; Shaw & Renzaglia, 
2004). The grouping of mosses is based on 
various characteristics such as 
morphological and anatomical 
characteristics (Shaw & Renzaglia, 2004), 
habitat (Gairola et al., 2014), gene and 
array heterogeneity (Duff et al., 2009; 
Puttick et al., 2018; Susilo et al, 2020).  
Moss has approximately 25,000 
species that fall into 1000 genera and ranks 
second with the highest species diversity 
after Spermatophyta. The types of moss are 
spread all over the world, from the tropics 
to the Antarctic region (Gradstein et al., 
2001; Renzaglia et. al., 2008; Zechmeister, 
2003). Liverworts and hornworts are 
mostly found in the tropics, while the 
mosses are found in temperate climates 
(Frahm & Gradstein, 2013). The spread of 
moss species is strongly influenced by 
biotic and abiotic factors, such as water, 
light, temperature, humidity and altitude 
(Frahm & Gradstein, 2013; Gradstein et al., 
2001). 
Moss habitat is very varied, attached 
to rocks, tree bases, stem surfaces, twigs 
and leaves surfaces. Moss can grow on soil 
surfaces, animal waste, and rotting wood 
(Sporn et al., 2010). The gametophyte 
phase has a longer life, so it dominates 
when compared to the sporophyte phase. 
The sporophyte grows attached to the 
gametophyte. Gametophyte itself comes 
from spores that develop into protonema. 
Protonema in mosses produce several 
gametophytes, whereas in hornworts and 
liverworts groups only produce one 
gametophyte. The sporophyte in mosses 
and liverworts originates from apical cells, 
while in the hornwort group the 
sporophytes originate from basal 
meristems found at the base of the spore 
stalk. In mosses and liverworts, the spores 
mature simultaneously, while in hornworts 
the spores mature at different times 
(Asakawa et al., 2012; Gradstein et al., 
2011).  
Body tissue in mosses is still very 
simple, does not yet have true vascular 
tissue, stems, leaves and roots (Graham et 
al., 2000). Vascular tissue is only in the 
form of capillary cells that helps in the 
distribution of water, called hydroid and is 
only found in members of the true lichen 
group (Mishleri & Churchill, 1985). The 
moss group has a body shape like tall plants 
because it has organs like leaves, while the 
hornwort group has a thallus-shaped body. 
Members of the liverwort group have both 
body shapes such as mosses and 
hornworts, which are thallus-shaped and 




some have organs such as leaves and stems 
(Ogwu, 2019).  
Moss has an important role in human 
life, humans and other organisms, either 
directly or indirectly (Hallingback, 2000). 
This group has also been used as an 
indicator of climate change, validating 
climate models and as an important 
indicator of global warming (Gignac, 2001). 
Several studies have found secondary 
metabolites in lichens that can be used as 
basic ingredients for medicines and 
cosmetics. In addition, mosses can also be 
used as water retainers on peatlands, water 
storage in plantations, fuel sources, heavy 
metal indicators, oil absorbents, and food 
sources (Glime, 2018). 
 
RESULTS AND DISCUSSION 
Bryophyte Grouping Journey 
The grouping of mosses is a matter of 
debate among botanists. Eichler (1883) was 
the first who divide mosses into two groups, 
namely Hepaticae and Musci, while some 
experts place hornworts and liverworts into 
the same class. Engler (1892) divided the class 
Hepaticae into three orders, Marchantiales, 
Jungermaniales and Anthocerotales. Engler's 
opinion was followed by several other 
botanists such as Firstch (1929), Wettstein 
(1933-1955), Bolver (1935) and Evans (1939). 
Rothmaler (1951) later changed the name 
Hepaticae to Hapaticopsida. This change 
follows the rules of the International code of 
Botanical Nomenclature. In 1957, Proskauer 
changed Anthoceropsida to Anthocerotopsida. 
Furthermore, intensive studies on 
mosses conducted  by Howe (1899), Campbell 
(1918, 1940), Smith (1938, 1955), Takhtajan 
(1953), and Schuster (1958), grouped 
hornworts, mosses and liverworts into groups 
different taxon (Figure 1). The division of this 
group is based on the differences in the 
characters found in each group (Asthana, 
2006; Gradstein et al., 2001; Samigullin et al., 
2002; Shaw & Renzaglia, 2004). Then 
(Asakawa et al., 2012) used metabolites 
produced by liverworts as a basis for 




Figure 1. Bryophyte Division (Ogwu, 2019). 
Division Bryophytes 





















Figure 2. Some examples of liverworts. (A, B) Monoclea forsteri (thallus liverwort), male gametophyte (A) 
adult sporophyte (B). (C) Schistochila alata (leaf liverworts), gametophyte. (D) Polytrichastrum formosum 
(true mosses), gametophyte and adult sporophyte. (E) Phaeoceros carolinianus (hornwort), gametophyte 
and sporophyte(Ligrone, Duckett, & Renzaglia, 2012). 
a. Moss  
 Lichens that fall into this group have 
organs like stems and leaves. The leaves 
are arranged in a spiral with a circle around 
the stem. Gametophytes grow upright 
(acrocarpus), creep (pleurocarpus) and 
some gametophytes are epiphytes that 
grow dangling. The sporophyte grows at 
the terminal. Spores are in a pouch called 
the sporogonia. The capsule contains 
stomata and chloroplasts. Each spore bag 
has an operculum (mouth of the spore bag) 
and a peristome tooth which helps in the 
release of spores(Asthana, 2006). Moss has 
13,000 species spread all over the 
world(Budke et al., 2018). 
 
b. Hornwort 
 The hornwort group is very 
different when compared to other groups. 
This difference can be seen in the thallus-
shaped gametophyte. Chloroplasts in 
hornworts have pyrenoid which is almost 
the same as algae. The presence of a 




meristematic zone at the base of the 
capsule is also one of the characteristics of 
this group, causing a longer sporophyte 
growth, stomata are found on the capsule 
wall (Asthana, 2006). Members of this 




Morphologically, the liverworts are 
grouped into thallus liverworts and leafy 
liverworts, growing in moist and shady 
areas, but some species can live in dry areas 
(Gradstein et al., 2001). The liverwort 
sporophyte develops inside the 
gametophyte before the capsule opens. In 
thallus liverworts, the generative organs 
are in the dorsal part, while in leafy 
liverworts the generative organs are in the 
terminal part. The sporophyte has distinct 
legs, seta, and capsule. The setae are very 
large, short in the younger stages. It 
lengthens only after capsule maturation. 
Sporophyte is very decisive in growth 
(Asthana, 2006). Liverworts have 8000 
types(Ogwu, 2019). 
 
Characteristics in Moss Identification 
 Observation of traits or characters 
is very important in identifying plants, both 
high-level plants and low-level plants and 
the moss group is no exception. Some of the 
distinguishing characteristics for the 
grouping of mosses include vascular tissue, 
stomata and sporophytes. 
1. Vascular Network 
 In general, lower plants do not have 
transport bundles, but some members of 
true mosses have simple vascular tissue. 
This group is known to have vascular cells 
in the sporophyte part. Vascular cells in 
mosses are just capillary channels that 
have the same function as xylem. 
 Cox & Arnold (2010); Ligrone 
(2000); Mishleri & Churchill (1985); Qiu et 
al. (2016); Renzaglia et al. (2008)reported 
that tissue with a shape resembling xylem 
tissue (hydroid) was only found in mosses, 
whereas in liverworts only cells capable of 
channeling water (Water Conducting Cell, 
WCC) were found (Figure 3). Hydroid is a 
network with a uniform shape and very 
different when compared to the xylem 
tissue found in Tracheophyta plants. This 
feature is one of the apomorphic traits or 
more advanced traits.  
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Figure 3. Water-conducting cells in moss plants (Cox & Arnold, 2010; Qiu et al., 2016) 
Figure 4. Moss Life Cycle ((Panawala, 2018) 
The number of water-conducting 
cells in liverworts is less than the number 
of hydroids in mosses. These hydroid and 
water-conducting cells are composed of 
lignin compounds, similar to xylem in 
Tracheophyta plants. However, lignin in 
mosses serves as a protection against UV 
radiation and microorganism attack and 
the amount is less than lignin in xylem. The 
lack of lignin compounds in hydroid and 
water-conducting cells causes these cells to 
shrink when there is little water available, 
and will expand again when water is 
available. The small number of water-
conducting cells causes the types of 
liverworts to be more sensitive to the 
availability of water around them (Cox & 
Arnold, 2010; Ligrone, 2000; Mishleri & 
Churchill, 1985; Qiu et al., 2016; Renzaglia 
et al., 2008).  
LIVERWORTS TAKAKIOPSIDE SPHAGNIOPSIDA ANDREAEOPSIDE 
PERISTOMATE


















Ancestors of Land Plants 





Stomata is one of the important anatomical 
characters in identification, both in higher 
plants and lower plants. Stomata in mosses 
are only found in the sporophyte part of the 
mosses and hornworts (Merced & 
Renzaglia, 2017). Stomata are most 
commonly found in the sporophyte of 
Sphagnopsida (Chang & Graham, 2011; Cox 
& Arnold, 2010; Volkmar & Knoop, 2010), 
in hornworts, stomata are also found in the 
sporophyte, except for Notothylas and its 
lineages include Megaceros, Nothoceros 
and Dendroceros (Cargill et al., 2005; 
Renzaglia et al., 2008; Villarreal A. & 
Renzaglia, 2006). Stomata in liverworts are 
the least or absent (Ligrone et al., 2012). 
 
 
Figure 5. Water-conducting cells in moss plants (Cox & Arnold, 2010; Qiu et al., 2016) 
 
The mosses have stomata that can be 
found in the neck of the capsule, which is 
the transition area between the seta and 
sporangium. The location of the stomata on 
the sporophyte helps the capsule to dry 
after spore maturation (Renzaglia et al., 
2008). The type of stomata in mosses is 
usually anomocytic. However, sunken 
stomata with specialized epidermal cells 
were found in Orthotrichum anomalum 
moss. Stomata morphology is very diverse 
in mosses and some of them have 
chlorophyll(Ligrone et al., 2012; Merced & 
Renzaglia, 2017).  
Stomata in hornworts and mosses, 
except for the Sphagniopsida group, have a 
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substomatal cavity connected with 
photosynthetic tissue and air spaces. The 
stomata intercellular space in hornworts 
before opening is filled with fluid. Stomata 
in mosses are able to work if there is 
sufficient water availability(Field et al., 
2015; Chang & Graham, 2011; Cox & 
Arnold, 2010; Volkmar & Knoop, 2010).  
 
3. Sporophyte 
 The sporophyte is the spore producing 
phase. In this phase, some sporogoniums in 
the moss group have seta and some do not. 
The seta is the stalk that supports the 
sporogonium. At the base of the seta, 
meristematic cells are usually found in the 
mosses and hornworts. The sporophyte in 
liverworts has a longer growth period, in 
contrast to other classes. It causes the 
hornwort class to be considered more 
advanced than the other classes. 
 
 
Figure 6. Sporophyte development diagram in liverworts, mosses and hornworts (Ligrone et al., 
2012) 
 
(Haig & Wilczek, 2006) states that 
hornworts undergo unpredictable cell 
division, even though they produce regular 
shapes. (Kato & Akiyama, 2005; Ligrone et 
al., 2012; Mishleri & Churchill, 1985) added 
that the division in the apical meristem of 
hornworts that occurs continuously makes 
hornworts different from other mosses 
groups. Apical meristems in hornworts 
produce vegetative organs while in mosses 
only produce sporangial (Figure 6).  
 
CONCLUSION 
 Based on the explanation above, it 
can be concluded that mosses do not have 
vascular tissue, but have capillaries that 




have a xylem-like function called hydroid. 
In mosses and hornworts, stomata are 
found in the sporophyte, while in the 
liverworts stomata are not found. 
Hornworts have a basal meristem that has 
an unpredictable period of division. 
Meristems in mosses only divide until 
sporangial formation, whereas in the 
liverworts group, apical meristems are not 
found. The hornwort group is considered 
more advanced, which is based on a longer 
meristematic phase, so that it is closer to 
the Tracheophyta group characteristics.  
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